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Summary 
Internationally, food security and the sustainability of productive land resources have been identified as key issues driving the need for improved information on land use change and land resources.  This study reports on perspectives on land use and food security issues gained through consultations with international and Australian institutions and individuals, including the relationship between land use and food security. It also scopes Australia’s potential contribution to addressing global food security concerns, including the potential for an Australian-based Centre for Land Use and Food Security as a facility associated with the Global Land Project (GLP). The GLP is an international program aimed at analysing changes in land systems arising from human-induced global change.  The review determined that land use and land use change impacts on a broad range of natural resource and ecosystem services sustainability issues – including water management, biodiversity protection, urban planning development, carbon management and responding to climate variability. Although the nexus between land use and food security is strong and is of particular interest, there are broader interests and needs regarding national capacity in land use research. It is argued that this broader range of needs, including food security, could be improved by focusing Australia’s capacity to analyse and track land use change particularly in relation to our productive land assets. This would address the Australian Farm Institute’s recent call for improved data and analysis to assess land use change and agricultural production potential.  The study proposes the establishment of a Centre for Land Use and Land Resources. This centre could be a virtual organisation, operating on a collaborative basis and drawing on the expertise of Australian agencies and research institutions with allied interests and objectives. It could initiate an Australian program of work linked to international efforts on agricultural land use and food security analysis and make an important contribution to global activities linking  food security, land use and land resources risk assessment, particularly the development of protocols for tracking and forecasting change and the development of tools to assist decision making. Within this network a Nodal Office of the GLP with a focus on land use and food security could be hosted out of a leading research or academic institution, linking the relevant researchers in government research agencies and universities with international collaborators. Research could be aimed at key gaps in the GLP research agenda, such as international trends in food, fibre and fuel, and the sustainability of land resources. It is suggested that the options for hosting a Centre for Land Use and Land Resources be explored with national institutions with interest and capacity in the land use and land resources sciences field. ABARES is well positioned to continue playing a leadership role for the Australian Government, building on established collaborative arrangements and with a continuing focus on promoting national consistency in land use data, information and analysis to support policy and programs.  It is proposed that ABARES establish a working group comprising representatives from potential partners in a Centre for Land Use and Land Resources (including, CSIRO, TERN, key universities, NCLUMI and NCST) to further explore options for its establishment, including structure, partnership arrangements, research agenda work-plan and funding. 
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1 Background  
Food security and the sustainability of productive land resources were identified as key issues driving the need for improved information on land use change and land resource assessment at APEC and Chinese Academy of Agricultural Sciences sponsored technical workshops on agricultural land use, food productivity and security held in Beijing on 20–21 October 2009 and 26–29 September 2010.  In 2011 ABARES received support from the then Department of Agriculture, Fisheries and Forestry’s (now Department of Agriculture) International Agricultural Cooperation Program to undertake a series of activities aimed at strengthening technical cooperation and enhanced information and knowledge exchange on the relationship between agricultural land use and food productivity and security in APEC member economies. These activities also aimed to contribute to the Department‘s strategic plan by promoting the international competitiveness of portfolio industries and improving market access opportunities through facilitating technical assistance and agricultural cooperation by placing Australian technical capacity and approaches on land use and food production central to global technical capacity building. A further aim of the activities was to contribute to broader Australian Government objectives on regional food security. This report describes the outcomes of one of these activities – a scoping assessment and implementation strategy for the establishment of an Australian based Centre for Land Use and Food Security as an International Node of the Global Land Project (GLP). The GLP is a joint research project for land systems of the International Geosphere–Biosphere Programme (IGBP) and the International Human Dimensions Programme (IHDP). Its Science Plan (GLP 2005) is designed to better integrate current understanding of coupled human-environment systems, including the response of human-environment systems to global change. 
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2 Introduction  
In the Asia-Pacific region productive agricultural land is being lost on an on-going basis to urbanisation (including industrial, residential and recreational development) and is at increasing risk from projected climate change (desertification and rising sea levels). Also, there is concern in some quarters that the response to projected climate change, particularly through the development of biofuel production systems, may adversely impact on land resources available for food production further complicating long term land-use planning. Regionally, options to expand the area under agriculture are limited by land capability and access to water. While increased agricultural productivity can compensate, it may not be sufficient to counter expected population growth at current rates of innovation and adoption. Countries in the Asia Pacific region are taking seriously the pressure on food security from both population growth and land availability. This is demonstrated by current work on modelling domestic scenarios on agricultural land use change, productivity and yield forecasting (Chen et al. 2010). This study evaluates how regional and global efforts to address issues of food security and climate change could be effectively supported in Australia by working with partners in the Global Land Project (GLP) for the establishment of an Australian based Nodal Office of the GLP – a Centre for Land Use and Food Security. The centre would undertake research and development and analyses dealing with national and international trends in food, fibre and fuel, and the sustainability of land resources.  In Australia, the ABARES has been addressing the need for technical capacity in land use mapping and analysis for more than a decade through its leadership of the Australian Collaborative Land Use and Management Program (ACLUMP). This scoping study considers whether a new GLP node or program of work could make a contribution to a global response to food security in the area of land use and land resources risk assessment, and contribute to national and international policy development on issues such as food security, biofuels and responding to climate variability. Prospective areas for research could include developing analytical capacity for tracking, forecasting and reporting on land productivity and yield, land use intensification and loss of productive land and asset risk. 
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3 The Global Land Project 
The Global Land Project (GLP) is a research initiative of the International Geosphere–Biosphere Programme (IGBP) and the International Human Dimensions Programme (IHDP). The goal of the GLP is to measure, model and understand coupled human-environmental systems. The Global Land Project Science Plan describes the scientific questions that the land systems research community considers to be crucial for the next decade. The GLP has three objectives that determine its research framework: 1) To identify the agents, structures and nature of change in human-environment systems on land, and to quantify their effects on the system. 2) To assess how the provision of ecosystem services is affected by the changes in (1) above. 3) To identify the character and dynamics of vulnerable and sustainable human-environment systems to interacting perturbations, including climate change. GLP Nodal offices provide infrastructure support and scientific input in the process of implementing the GLP science plan. Nodal offices have a clear thematic focus and scientific oversight is provided by the Scientific Steering Committee of the GLP. Currently the Scientific Steering Committee includes one Australian representative, Dr Neville Crossman, Senior Research Scientist, CSIRO Ecosystem Sciences. Nodal offices are encouraged to initiate activities, networking and research. Their scope is inclusive and global. The GLP is coordinated through the GLP International Project Office. The IPO is currently funded and hosted by the Brazilian National Institute for Space Research located in Sao Paulo, Brazil. Other Nodal Offices are:  
• European Office – Germany, based at the European Land-use Institute, Center for Development Research, University of Bonn. Its focus is land management, land use planning and land use policies. 
• Sapporo Office – Japan, based at the University of Hokkaido, Sapporo. Its focus is on vulnerability, resilience and sustainability of land systems.  
• Beijing Office – China, based at the Chinese Academy of Sciences, Beijing. Its focus is on land use and ecosystem interactions.  
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4 Consultations 
The feasibility of an Australian-based Centre for Land Use and Food Security as a GLP node was investigated through existing linkages with APEC Members China and Japan which currently host GLP nodes.  The investigation explored with partners the extent to which an Australian Nodal Office of the GLP – a Centre for Land Use and Food Security could contribute to GLP objectives through analysing international trends in food, fibre and fuel, and the sustainability of land resources. Visits to the GLP offices in Beijing and Sapporo for discussions and the presentation of possible options for a GLP node in Australia were conducted in April 2011 by T. Clancy and R. Lesslie (ABARES). Consultations were also conducted with Australian institutions and individuals with interests in this area. Key contacts in Australia, China and Japan are listed in Attachment 1.  Consultations with international and Australian institutions and individuals together with ABARES own work on land use and food security issues elicited perspectives on the relationship between land use and food security, land use and food security issues in Australia, and Australia’s potential contribution to global food security and the GLP research agenda. These perspectives help test the business case for an Australian-based Centre for Land Use and Food Security and the potential focus of its research. Key points raised in consultations are identified below. The relationship between land use and food security 
• Land use mediates the relationship between human and environmental systems. Land use and management is therefore critical to the maintenance of ecosystem services and sustainable agriculture.  
• The sustainability of agricultural production systems is an issue of local, national and global concern for food security. 
• Land use information, research and analysis is essential to informed debate and policy responses to issues such as food security and the allocation of land to food production, urban expansion, sustainable resource management, and responding to climate variability.  
• Challenges to increasing food production include slowing agricultural productivity growth, the impacts of climate variability, and increased competition for scarce resources such as water, fertiliser and land.  
• Land use factors critical to food security outcomes are: 
• Interactions between land use, land capability and food production.  
• Patterns of change in land resources allocation, water and productivity  
• Patterns of change in land allocations to the alternatives of food, fibre and fuel production 
• Drivers of land use change and social, environmental and economic outcomes 
• Improving agricultural productivity globally will be important to meet the global food security challenge.  
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Land use and food security issues in Australia 
• Food security and agriculture priorities for Australia include: productivity improvement through research and development, industry development, promotion of trade and market development, biosecurity and health, responding to climate variability, water resources management, regional development, and promotion of bilateral and multilateral engagement. 
• Australia faces some long-term challenges to food production from climate variability and limits to our natural resources including land, energy and water. Biosecurity, cost/price pressures and industry restructuring are also challenges. A strong natural resource base and productive farmland is essential to maintaining Australia’s capacity to sustainably produce food. 
• Policy makers need accurate and timely land use change information to help analyse its impacts and manage its consequences. This includes changes in how much land is used for different purposes and where these changes are taking place, land use intensification, and how changes in land use are related to changes in productivity and innovation. 
• A number of state governments have developed, or are reviewing, policies for protecting prime agricultural land. Decisions about land use planning primarily rest with state and territory governments but the Australian Government has a role in promoting national information coordination, including land use data and analysis. 
• Australia does not have a national system of mapping or data collection geared to providing a clear picture of the location and extent to which agricultural land has been converted to non-agricultural uses.  Available national mapping and statistical information suggests that although the overall amount of agricultural land lost to conversion is small, losses may be significant locally or for specific uses. 
• There is currently no agreed basis in Australia for defining ‘productive’ agricultural land or assessing productive potential. Research released by the Australian Farm Institute in 2012 (Budge et al. 2012) reviewed the need for policies to preserve productive agricultural land in Australia and the extent to which Australian agricultural land has been converted to other uses. It concluded that before this question can be adequately answered it will be necessary to devote time and resources to meeting the data and analysis needs for assessing land use change and agricultural production potential. Australia’s contribution to global food security 
• Australia produces more food than it consumes but its surplus food production meets only a small part of world food consumption needs.  
• Australian has comparative strength in agriculture productivity, environmental science and management, the promotion of free and fair trade, governance structures, the response to climate variability, regional extension and capacity building. 
• Australia’s greatest contribution to global food security will be through provision of technical cooperation assistance, the promotion of free trade, and the maintenance of its clean/green status.  
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Potential contribution to the GLP The GLP Scientific Steering Committee formally considered the suggestion of the establishment of an Australian Nodal Office at meetings held in May 2011 (Maryland USA) and again in May 2012 (Amsterdam). The Scientific Steering Committee welcomed the suggestion as a potentially important link in the GLP network to the Australian land use change research community, and recognised land use and food security as an important additional focus topic for the GLP. The Scientific Steering Committee stressed that: 
• The scope of any Nodal Office for the GLP has to be international and thematic and cannot exclusively focus on Australia or the Asia-Pacific Region, while acknowledging that activities would tend to attract participants from the region. 
• A potential Australian Nodal Office could involve close collaboration between the top Australian Universities and other research institutes in Australia (e.g. CSIRO), to avoid an exclusive setup within a government institution. 
• Activities of a potential Australian Nodal Office could contribute to the synthesis phase of the GLP which is now about to commence and is projected to conclude in 2015 or 2016.  
• A potential Australian Nodal Office with a focus on land use and food security would require the establishment of international links and networks including to the:  
• former Global Environmental Change and Food Systems (http://www.gecafs.org/) project of the Earth Systems Science Partnership  
• Climate Change, Agriculture and Food Security Program of the Earth Systems Science Partnership  
• Consultative Group on International Agricultural Research (CGIAR) (http://ccafs.cgiar.org/). The GLP requires that International Nodes provide sufficient resources and secretariat support for meetings and events, maintaining collaborative links with the GLP network and conducting research in the agreed theme area. International Nodes are generally hosted at universities or national research institutions. 
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5 Current institutional capacity in 
Australia 
Research and analysis relevant to land use and food security is undertaken by many Australian, State and Territory government agencies, research institutions and partnerships with interests in sustainability, agriculture and the natural resources sciences. However, only a limited number articulate land use and food security interests clearly as organisational objectives.  Some key players are identified below. CSIRO – Sustainable Agriculture Flagship  The Flagship addresses agricultural productivity and food security issues directly as organisational objectives. The focus of its research program is to reduce the carbon footprint of Australia’s land use while achieving productivity gains for the agricultural and forest industries and global food security. Research programs for the flagship are greenhouse gas management and carbon storage in land use systems, agricultural productivity and environmental health, landscape systems and trends (including research on land use planning, policy options and natural resource assessment), and partnering for international food and fibre security (including engagement to address global carbon and food security challenges). The Landscape Systems and Trends research program brings together science in sensing, information management, modelling and integration to help observe, monitor and manage change (including land use change) across landscapes, industries and regions. The research program has science teams from eight CSIRO Divisions. The Australian Collaborative Land Use and Management Program The Australian Collaborative Land Use and Management Program (ACLUMP) is a consortium of Australian and state government partners promoting nationally consistent land use and land management practices information for Australia. ACLUMP is overseen by the National Committee on Land Use and Management Information. Key national partners in ACLUMP are ABARES, the Department of Agriculture, the Australian Bureau of Statistics, Geoscience Australia, CSIRO Land and Water and the Murray-Darling Basin Authority. ACLUMP activities include:  
• Mapping – nationally consistent land use and management information, including maps, for Australia at national and catchment scales. 
• Coordination & standards – agreed technical standards, including the Australian Land Use and Management Classification. 
• Communication and dissemination – a national land use data directory and the maintenance of land use datasets on Australian and State government data repositories. 
• Analysis and reporting – regional and national reporting of land use and land management practices, including change reporting and integrated assessments. 
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The Australian Collaborative Land Evaluation Program The Australian Collaborative Land Evaluation Program (ACLEP) provides a national focus for the collection, collation, management, dissemination and analysis of nationally consistent, integrated data and information on soil and land resources. ACLEP is funded by CSIRO Land & Water and the Department of Agriculture, with strategic direction from the National Committee on Soil and Terrain (NCST). States and territories provide significant resources in support of ACLEP projects and activities. ACLEP activities include:  
• coordinated, scientific assessment and monitoring of Australia’s soil and land resources 
• developing and promoting methods and standards for soil measurement, land resource survey, and monitoring of soil condition 
• coordination, and development of skills and capacity through improved communication 
• providing a primary contact point for information on Australia’s soil and land resources and related national assessments 
• providing a focus for the collection, collation, management, dissemination and analysis of nationally consistent, integrated data and information on soil and land resources through the Australian Soil Resource Information System (www.asris.csiro.au) and the CSIRO National Soil Archive (www.clw.csiro.au/aclep/archive). Both ACLEP and ACLUMP are national collaborative partnerships, with the active engagement of relevant Australian, State and Territory government agencies and research institutions. The collaborative model is particularly effective in engaging partners at the state and regional level with a long history of responsibility and capacity for natural resources information collection and analysis. Both partnerships are important mechanisms for tapping into the considerable expertise and capacity of State and Territory agencies. Terrestrial Ecosystem Research Network The Terrestrial Ecosystem Research Network (TERN) is an overarching and integrated network designed to serve ecosystem research in Australia. It builds on significant past investments by scientists and governments to understand Australian ecosystems. It does this by focussing on collating, calibrating, validating and standardising existing data sets. TERN is providing essential and fundamental research infrastructure for conducting ecosystem science research, training and management as part of the Australian Government investment in priority areas for national, collaborative research infrastructure. This research infrastructure takes two main forms: ‘hard’ infrastructure, such as environmental sensor equipment, the long-term monitoring plots and national sample archives; and ‘soft’ infrastructure, such as the standardisation of data and information management methods and tools, the new and enduring collaborative networks, and the capacity for cross-disciplinary synthesis.  Food security is identified as one of the pressing ‘national and global environmental challenges’ that will continue to be strong drivers for innovation and research in Australia over the next decade or so. TERN currently is establishing capabilities in the land cover, soils and landscape area as well as high level modelling capacity for assimilation and integration of data across temporal and spatial scales. 
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Australian International Food Security Centre  The Australian International Food Security Centre (AIFSC) was established in 2011 as a centre within the Australian Centre for International Agricultural Research, an Australian Government statutory authority that funds agricultural research reflecting the priorities of Australia's aid program. The AIFSC has an international focus of food security issues in developing countries across Africa, Asia and the Pacific region. Initial focus is being given to food security in Sub-Saharan Africa as an identified area of high need. AIFSC programs are: 
• sustainable and productive farming systems 
• food markets, value chains and social systems 
• education, training and capacity building 
• communications and knowledge management. Australian Universities  Many Australian universities have established programs which address land use and food security issues within their broader research and postgraduate programs in sustainable agriculture, natural resources management and environmental sciences. Selected examples are identified below. 
The Australian National University – Crawford School of Public Policy; Fenner 
School of Environment and Society The Crawford School has programs in agricultural policy analysis, including food and energy security in Asia and the Pacific. The Fenner School has conducted research in food security related areas, including analysis of urban land expansion in China. 
University of Queensland – Global Change Institute The  Global Change Institute has established a Land Use 2050 Program that is researching population and environmental pressures on land use and determining how decision makers can best manage competing interests and trade-offs for land in the future. Key research themes include addressing uncertainty in planning for future land use, analysis of the land use value chain, and articulating land use values and principles. 
University of Sydney – Centre for Carbon, Water and Food This recently established centre within the Faculty of Agriculture and Environment has a research focus around water use efficiency, nutrient use efficiency, nitrogen fixation and soil structure. 
University of Melbourne – Melbourne Sustainable Society Institute The Melbourne Sustainable Society Institute research program includes work on land use, agriculture and forestry planning, focusing on carbon sinks and stores, productive capacity, ecological heritage and ecosystem services. 
University of Adelaide – School of Earth and Environmental Sciences The School of Earth and Environmental Sciences research program includes investigations into future land use and land management options (e.g. Lower Murray Landscape Futures project, with CSIRO and agencies and stakeholders from New South Wales, Victoria and South Australia). 
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Charles Sturt University – Institute for Land, Water and Society  This Centre of Research Excellence has a principal focus on integrated research which contributes to improved social and environmental sustainability in rural and regional areas. 
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6 A proposed centre Scope An Australian program of work linked to international efforts on agricultural land use and food security analysis could make an important contribution to a global response to food security in the area of land use and land resources risk assessment, particularly the development of protocols for tracking and forecasting change and the development of tools to assist decision making (Figure 1). Domestically, such a program could also assist directly with our national response to food security concerns. 
Figure 1 Scope of interests in agricultural land use and food security analysis 
  This scoping review has shown that land use and land use changes impact on a broad range of natural resource and ecosystem services sustainability issues – including water management, biodiversity protection, urban planning development, carbon management, energy and the response to climate variability . Although the nexus between land use and food security is strong and is of particular interest to the GLP, it is suggested the broader range of needs, including food security, could be addressed more directly and effectively by focusing specifically on improving Australia’s capacity to analyse and track land use change particularly in relation to our productive land assets.  This would address the Australian Farm Institute’s call for improved data and analysis to assess land use change and agricultural production potential. In doing so, capacity to analyse relevant aspects of food security would be covered. One activity within this broader centre – a Centre for Land Use and Land Resources – could be a Nodal Office of the GLP focussing on land use and food security issues.  A conceptual structure for a Centre for Land Use and Land Resource Assessment is presented in Figure 2.
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Figure 2 Conceptual structure of a Centre for Land Use and Land Resources 
 
Note: The proposed Centre for Land Use and Land Resources analysis will need to encompass major issues and drivers, articulate desired outcomes, engage with key players and realms of 
interest, leverage off a wide range inputs and data, have the capacity to characterise landscapes, their use and management, and deliver specific outputs (including analytical frameworks). This 
means engaging and harnessing the existing institutional capacity in Australia.
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It is envisaged that, within this broader centre, a GLP Nodal Office would operate across all three of the GLP science agenda themes from a human land interaction perspective including sustainable food production systems: Theme 1: Dynamics of Land Systems Theme 2: Consequences of Land System Change Theme 3: Integrating Analysis and Modelling for Land Sustainability Structure A proposed Centre for Land Use and Land Resources could be established as a virtual organisation, operating on a collaborative basis and drawing on the expertise of Australian agencies and research institutions with allied interests and objectives. A networked approach is essential given the highly distributed nature of Australian capacity in this field, and the need for an integrated approach to relevant research and policy questions. In this respect effective linkage of the research community, including the CSIRO and the university sector with both national and state government agencies, including TERN, is essential. The ACLUMP and ACLEP partnerships are examples of successful linkage arrangements of this kind.   Key areas of interest within the network structure would encompass land use and land resources research and development (including decision and risk sciences), land use and management practitioners, education and training (primarily in the university sector), and policy and program development and decision-making. Within this broader framework a Nodal Office of the GLP with a focus on land use and food security could be hosted out of a leading academic institution, linking the relevant researchers in government research agencies and universities with international collaborators. The generic structure of a Centre for Land Use and Land Resources is shown in Figure 3.    
Figure 3 Generic structure of a Centre for Land Use and Land Resources 
 
Note: A virtual node of linked institutions providing data and research infrastructure, research, education, analysis and 
reporting to support integrated land use policy and decision-making. Research agenda There was a clear recognition among the organisations and individuals engaged through this project of the need for a more coordinated national and regional effort on land use change and 
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productive land resources research and analysis. There is potential for a greater capacity building role for Australia in land resources and food security analysis in the Asia–Pacific region. There are also strong national drivers for a more coordinated effort on land use and productive land resources assessment.  An Australian program of research linked to international efforts on agricultural land use and land resources analysis can make a contribution to a regional response to food security in land use and land resources risk assessment - particularly the development of protocols for tracking and forecasting change and the development of tools to assist decision making. 
Policy challenges Nationally, a better understanding of agricultural land use change is central to informed debate on the future of agricultural production and land management in Australia – including issues impacting on soil, water and food production. Land use change underpins much of the current debate in Australia around agriculture and food security, forestry, water, mining (including coal seam gas extraction), the response to climate variability, population, urban expansion, biodiversity protection, and landscape aesthetics.  Until recently land occupation in Australia can be described as a process leading to land allocations where rights to pursue particular land use objectives were relatively unconstrained. Imperatives for ecosystems services delivery and resources outcomes, land use intensification for residential, commercial and production purposes are making land use choices increasingly complex and contested. Where new land use demands have price signals, landholders respond innovatively in managing for multiple benefits. For example, many agricultural enterprises now actively promote nature-based tourism, managing land assets to maintain amenity or biodiversity. Environmental stewardship schemes (including recognition of intrinsic biodiversity assets in managed agricultural settings) and private conservation initiatives are gaining momentum. New revenue opportunities through managing carbon along with structural adjustment pressures impacting on agricultural industries will reinforce this trend. Governments have major responsibilities in managing this process. Important themes of governance at the state level include urban and rural zoning, identification of prime agricultural land, forestry plantations, mining development, and environmental regulations around native vegetation. Increasingly the Australian Government is being called upon to be involved in land use frameworks responding to carbon accounting, international biodiversity agreements, foreign ownership of land, water use, agricultural research investment, energy efficiency, climate adaptation, biosecurity measures and industry restructuring. Key challenges for government include: 1. Establishing land use governance and tenure arrangements that accommodate innovative multi-objective land use and land management options. Modern approaches to nature conservation include, for example, joint management and partnership arrangements that can simultaneously provide for biodiversity protection, recreation uses, indigenous cultural uses, mineral exploration, mining and grazing production. 2. The introduction of land use and land management incentives for non-market ecosystem goods and services (e.g. market-based instruments, regulation). This is required where Earth system issues are not adequately reflected in market systems. 3. Provision of sufficient data and information to support informed land use and management planning. This includes decision-support capability to enable informed, transparent consideration of options and trade-offs. The recent establishment by the 
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Australian Government of the National Plan for Environmental Information (NPEI) and moves by the Australian Bureau of Statistics to introduce land and water accounting represent steps in this direction. 
Data and Information A 2011 review by ABARES and its partners in ACLUMP identified two main national priorities for land use change analysis and reporting:  
• Identifying and monitoring ‘hotspots’ of change. 
• Improving Australia’s capacity to forecast land use change. Key changes include land use intensification on the fringes of cities and urban areas, loss of prime agricultural land, productive land resources and biodiversity, and transitions in irrigated agriculture, forestry and carbon farming.  Internationally, research could be aimed at key gaps in the GLP research agenda, such as international trends in food, fibre and fuel, and the sustainability of land resources. The focus of a new GLP node would be thematically based (Food security and Productivity and Land) with emphasis on the transfer of research and technical capacity to decision-makers. Its research agenda would be directed to issues of international concern including: 
• the security of food supply systems and potential leverage points to help alleviate looming problems of food security in the Asia, the Pacific region and globally 
• where and how sustainable agriculture can be maintained and developed in the face of climate variability 
• integrated spatial decision-making for secure food production  
• the trade-offs between biofuels and other forms of agriculture 
• the level of population growth and development that regional land systems can support whilst promoting viable and profitable agricultural production industries and maintaining the natural resource base. Technical cooperation and enhanced information and knowledge exchange regionally and globally would focus on: 
• remote sensing methodologies and the use of newly available data streams 
• decision-support methods 
• data integration and modelling (including validation)  
• protocols for tracking and forecasting land use change (including productivity and yield, land use intensification and utilization efficiency, the loss of productive land, productive land asset risks – especially water and soil resources). Resourcing A networked approach to the establishment of a Centre for Land Use and Land Resources that draws on the expertise and capacity of partners from the Australian land use and land resources science community has clear cost advantages when compared with a stand-alone facility. Much of the basic capacity required for a centre is already available and can leverage off existing investment. However, the establishment and maintenance of a network of the kind envisaged, 
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including program development and management, meetings, events and the undertaking of key pieces of analysis and reporting will require additional resourcing. It is estimated that this will be in the order of $1–1.5 million per annum including the costs associated with maintaining a centre director, and at least two research coordinators/analysts.  Options for funding centre activities may include partner agencies, Australian Government initiatives and collaborative engagement with the States involving land assessments on issues such as mining and coal seam gas and natural resource management.  
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7 Conclusions and next steps 1) This scoping review has identified the opportunity for an enhanced Australian program of 
research on agricultural land use change and productive land resources. Linked to international activities such as those promoted through the GLP, this could make an important contribution to addressing global and regional food security concerns. i. Land use directly impacts on all natural resource and ecosystem system service sustainability issues – including food production, water management, biodiversity protection, carbon management and climate change responses.  ii. Improving Australia’s capacity to analyse and track land use change in relation to productive land assets would address the Australian Farm Institute’s recent call for improved data and analysis to assess land use change and agricultural production potential.  iii. There is potential for a greater capacity building role for Australia in land resources and food security analysis in the Asia-Pacific region – particularly the development of protocols for tracking and forecasting change and the development of tools to assist decision making. 2) This scoping review proposes the establishment of a Centre for Land Use and Land 
Resources as a virtual organisation, operating on a collaborative basis and drawing on the expertise of Australian agencies and research institutions with allied interests and objectives.  i. A networked approach is essential given the highly distributed nature of Australian capacity in this field, and the need for an integrated approach to relevant research and policy questions. ii. Key areas of interest within the network structure would encompass land use and land resources research and development (including decision and risk sciences), land use and management practitioners, education and training (primarily in the university sector), and analysis to support policy and program development and decision-making.  iii. National research priorities would focus on land use change analysis and reporting and improving Australia’s capacity to forecast land use change.  Key changes include land use intensification on the fringes of cities and urban areas, loss of prime agricultural land, the sustainability of productive land resources and biodiversity, and patterns and trends in agricultural land use and productivity.  iv. Within this network a Nodal Office of the GLP with a focus on land use and food 
security could be hosted out of a leading research or academic institution, linking the relevant researchers in government research agencies and universities with international collaborators. Research would be aimed at key gaps in the GLP research agenda, such as international trends in food, fibre and fuel, and the sustainability of land resources. Activities of new GLP node would emphasise the transfer of research and technical capacity to decision-makers. 3) To maximise leverage of existing program investment in this area and to ensure effective linkages with existing capabilities, the Centre for Land Use and Land Resources could provide underpinning infrastructure to support analyses, reporting, forecasting and decision making in land and food policy areas. Features of this infrastructure could include: i. At a national level existing ‘soft’ infrastructure such as NCLUMI and NCST could be engaged. Capabilities around climate modelling, water, soils/landform and land cover, 
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whilst integral to any assessment of land and food, would be best delivered as feeder capabilities from existing programs rather than duplicated within the Centre. It is nevertheless recognised that many of these capabilities need to be enhanced to fully realise the objectives of the centre.   ii. At an international level in the context of establishing the centre as a GLP Nodal Office, linkages with other programs could be explored. For example, ongoing linkage with the APEC Agriculture Technical Cooperation Working Group agenda could be developed. iii. Centre activities and outputs could be directly linked with development of land use and land management practices standards including the System of Environmental–Economic Accounts (SEEA). iv. A program of priority issues could be developed to guide work program development.  v. Infrastructure could be established on the principals of open access and data sharing in keeping with the public good scope of the proposal. Next steps It is suggested that the options for hosting a Centre for Land Use and Land Resources be explored with national institutions with interest and capacity in the land use and land resources sciences field. This should include CSIRO (Sustainable Agriculture Flagship), the University of Queensland and TERN. ABARES is well positioned to continue playing a leadership role for the Australian Government, building on its ACLUMP and ACLEP connections – and with a continuing focus on promoting national consistency in land use data, information and analysis to support policy analysis and programs.  It is proposed that ABARES establish a working group comprising representatives from potential partners in a Centre for Land Use and Land Resources (including, CSIRO, TERN, key universities, NCLUMI and NCST) to further explore options for its establishment. Further to this, the working group could convene a ‘design workshop’ to consider potential structure, partnership arrangements (including mechanisms for state government engagement), research agenda and work plan.     
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Glossary of acronyms 
ABARES Australian Bureau of Agricultural and Resource Economics and Sciences ACLEP Australian Collaborative Land Evaluation Program  ACLUMP Australian Collaborative Land Use and Management Program  AIFSC Australian International Food Security Centre  APEC Asia-Pacific Economic Cooperation CGIAR Consultative Group on International Agricultural Research  CSIRO Commonwealth Scientific and Industrial Research Organisation GLP Global Land Project IGBP International Geosphere–Biosphere Programme  IHDP International Human Dimensions Programme  NCLUMI National Committee on Land Use and Management Information  NCST National Committee on Soil and Terrain  SEEA System of Environmental–Economic Accounts TERN Terrestrial Ecosystem Research Network   
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Attachment 1 – Key Contacts 
Key contacts in China, Japan and Australia are listed below, as at 2011. 
International 
Chinese Academy of Agricultural Sciences, Beijing 
• Dr Yingbin He, Professor, Institute of Agricultural Resources and Regional Planning 
• Dr Minggang Xu, Deputy Director General, Institute of Agricultural Resources and Regional Planning 
Chinese Academy of Sciences, Beijing Institute of Geographic Sciences and Natural Resources Research 
• Dr He-Qing Huang, Executive Director, Global Land Project Beijing Nodal Office 
• Dr Luguang Jiang, Deputy Director, Global Land Project Beijing Nodal Office 
Hokkaido University, Global Land Project Beijing Nodal Office, Sapporo 
• Prof Hideaki Shibata, GLP Scientific Steering Committee 
The Global Crop Diversity Trust 
• Ms Mellissa Wood, then Director of Operations, Rome 
GLP Scientific Steering Committee 
• Professor Peter Verburg (chair of GLP), Institute for Environmental Studies, University Amsterdam, Amsterdam, the Netherlands  
Australia 
Global Change Institute, University of Queensland   
• Professor Michael D'Occhio, Professor of Food Security 
• Ms Melanie King, Deputy Director 
• Professor Ove Hoegh-Guldberg, Director 
University of Queensland, School of Geography, Planning and Environmental 
Management 
• Professor Stuart Phinn, Director, Centre for Spatial Environmental Research (CSER) and TERN Associate Science Director 
University of Queensland, School of Agriculture and Food Sciences 
• Professor Neil Menzies, Head of School 
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CSIRO – Land and Water 
• Dr Neil McKenzie, Chief of Division 
CSIRO – Sustainable Agriculture Flagship 
• Dr Browyn Harch, Deputy Director (Agri-Environment and Government Partnerships) 
• Dr Brian Keating, Director 
• Mr Mike Grundy, Theme Leader - Landscape Systems and Trends 
• Dr Neville Crossman, Senior Research Scientist, CSIRO Ecosystem Sciences, Adelaide  
• Dr Brett Bryan, Principal Research Scientist, CSIRO Ecosystem Sciences, Adelaide  
Department of Agriculture, Fisheries and Forestry, ABARES 
• Multiple staff including Executive Director, Chief Scientist and Chief Economist 
Department of Agriculture, Fisheries and Forestry, Agricultural Productivity 
Division 
• Mr Michael Ryan, A/g Assistant Secretary, Research & Development and Food Security and others 
Department of Agriculture, Fisheries and Forestry, Trade and Market Access 
Division 
• Ms Madeleine Baldwin, Director, Multilateral Policy and others 
Department of Agriculture, Fisheries and Forestry, Sustainable Resource 
Management Division 
• Ms Kimberley Green, A/g Assistant Secretary, Sustainable Agriculture Branch and others 
Department of Foreign Affairs and Trade, AusAID 
• Ms Danielle Sever, Acting Director, North Asia and others 
• Dr Wayne Hancock (DFAT Consultant) 
Queensland Department of Science, IT, Innovation and the Arts  
• Dr Paul Lawrence, Director, Landscape Sciences 
National Committee for Land Use and Management (NCLUMI), and National 
Committee for Soil and Terrain (NCST) Representatives from: 
• Australian Government Department of Agriculture, Fisheries and Forestry 
• New South Wales Office of Environment and Heritage 
• Northern Territory Department of Natural Resources, Environment, the Arts and Sport 
• Queensland Department of Science, Information Technology, Innovation and the Arts  
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• South Australia Department of Environment and Natural Resources 
• Tasmania Dept of Primary Industries, Parks, Water and Environment 
• Victoria Department of Primary Industries 
• Western Australia Department of Agriculture and Food, Western Australia  
• Australian Bureau of Agricultural and Resource Economics and Sciences  
• Geoscience Australia 
• CSIRO Land and Water  
National Committee for Land Use and Management (NCLUMI), and National 
Committee for Soil and Terrain (NCST) 
• Julian Cribb (Consultant) Author of The Coming Famine.      
